Abbreviations {#no0005}
=============

SARS

:   Severe acute respiratory syndrome

CoV

:   Coronavirus

[PCA](#p0070){ref-type="p"}

:   Principle component analysis

nCoV

:   novel Coronavirus

COVID-19

:   Coronavirus disease-2019

[mmol](#p0070){ref-type="p"}

:   millimole

1. Introduction {#s0005}
===============

The nCoV-19 is potentially contagious, which can transmit quickly from one human to another human ([@bb0025]; [@bb0090]). This is one of the viruses that infect the human population in almost all countries recently ([@bb0055]). The nCoV-19 was taxonomically classified as SARS-CoV-2 which belongs to the *Sarbecovirus* subgenus (*Beta-Coronavirus* genus) ([@bb0010]) owing to its phylogenetic affiliation with Severe Acute Respiratory Syndrome coronavirus (SARS-CoV) ([@bb0070]). These belong to the family of RNA virus transmitted from animals ([@bb0020]). In this study, we infer the genome-based molecular evolutionary imprints of SARS-CoV-2 to identify its origin and replication mechanism and compare its proteomic regions with two new isolates of nCoV-19 from India and its ancestral species.

2. Materials and methods {#s0010}
========================

The complete genome sequence of Wuhan seafood market pneumonia virus Wuhan-Hu-1 named as COVID-19 (ACC. No.: NC_045512.2) was retrieved from NCBI (<https://www.ncbi.nlm.nih.gov/>). The sequence similarity search was performed using the NCBI-BLAST ([@bb0005]) to collect 250 complete genome sequences of SARS-CoV-2 with high similarity query coverage along with ancestral species (Supplementary Table S1). The phylogenomic tree was manually condensed and constructed with 1000 bootstrapping replicates to identify the origin and replication of COVID-19 using Mega X 10.1.7 Version ([@bb0040]). The phylogeographic large-scale supertree was constructed among the selected members using the Interactive Tree of Life (iTOL) v4 ([@bb0045]). Based on the appearance of the phylogenomic cluster, a single isolate was chosen for each cluster along with two newly sequenced Indian strains (Accession: MT012098.1, MT050493.1) to study the comparative proteomic analysis. Furthermore, a statistical genomic diversity was computed for the selected species.

The nucleotide and amino acid base pair compositional variations in [mmol](#dt0030){ref-type="term"} fraction unit (Supplementary Table S2) were calculated in R statistical package. The phylogenetic hierarchical clustering was carried out with a library called gplots and Rcolourbrowsers packages for plotting the heatmap and color key representation. The principal component analysis ([PCA](#dt0015){ref-type="term"}) was performed in ggplots library to find the convergence and divergence between selected species. A dot plot comparison was carried out for functional coding regions using EMBOSS Dotmatcher (<https://www.ebi.ac.uk/Tools/seqstats/emboss_dotmatcher/>).

3. Results and discussion {#s0015}
=========================

We performed a phylogenomic and phylogeographic tree for 250 isolates of SARS-CoV-2 genomes along with the out-groups. Phylogenomic analysis or sequence-based phylogeny reveals the understanding of the evolutionary relationship between the biological species ([@bb0085]). The phylogenomic tree was separated and grouped according to country wise isolates (color representation in clade) and inter- and intra-specific species variation (color representation in nodes) as shown in [Fig. 1](#f0005){ref-type="fig"} . The phylogenomic tree of our study indicates that the target Wuhan-Hu-1 genome was closely related to different isolates of SARS-COV-2 genomes. Bat coronavirus RaTG13, Bat-SARS-CoV ZXC21, and Pangolin-CoV GX-P5L were found to be an ancestor. A separate phylogenomic tree of various isolates of SARS-CoV-2 was represented in Supplementary Fig. S1. Bat SARS-like coronavirus was found to be an ancestor of newly identified COVID-19. Dataset used for the phylogenomic and phylogeographic tree construction and its closely related species are available in Supplementary Table S1. Based on the constructed genomic tree, we further summarized and select an isolate of phylogenetic neighbor from each cluster along with two newly sequenced Indian isolates (Accession: MT012098.1, MT050493.1), to identify proteomic differentiation between them. Based on these criteria, a proteome-based phylogenetic analysis was performed. It also provides support evidence to the zoonotic evolution theory that SARS-CoV-2 might have evolved from Bat SARS-like coronavirus and Pangolin coronavirus (as represented in [Fig. 2](#f0010){ref-type="fig"}a). When compared with the previous study, the genome of SARS-CoV-2 was found to be about 82%, 96%, and 86.9% identical to the SARS-CoV, Bat-CoV-RaTG13, and Bat-SARS like-CoVZC45, respectively ([@bb0095]).Fig. 1A circular view of phylogenomic and phylogeographic tree of SARS-CoV-2 genome and its closely related species and isolates. Each color of nodes and clades are represents a corresponding genomic features (refer, figure legend).Fig. 1Fig. 2Proteome-based phylogenetic analyses (a) and calculation of genetic diversity (b) for selected species from each cluster in the phylogenomic tree.Fig. 2

The genetic diversity analysis of our study revealed that Wuhan-Hu-1 was closely related to new isolates of two Indian SARS-coronavirus 2 with 100% query coverage and 99.98% sequence similarity respectively. The pair-wise genetic distance occurred in the range between 0.0 and 0.001. However, the SARS-CoV-2 genome was genetically distinct from SARS-CoV and has a relatively long branch length to the Bat-CoV RaTG13 (0.014), Bat-SARS like-CoV ZXC21 (0.067), and Pangolin-CoV GX-P5L (0.073) ([Fig. 2](#f0010){ref-type="fig"}b). A total of 99.98% similarity was found across the SARS-CoV-2 genomes obtained from different patients ([@bb0050]). Genetic recombination events are complex and more likely occurring in Bat-CoV RaTG13 and Bat-SARS like-CoV ZXC21than in SARS-CoV-2 ([@bb0030]; [@bb0050]; [@bb0070]). The Tajima\'s neutrality test ([@bb0075]) was estimated to identify the mutations by DNA polymorphism. It shows that the nucleotide diversity appears in the range 0.045977 with a high number of segregating sites (1123). It further confirms that the rate of gene duplication events may occur due to radical changes in the segregating sites with a high recombination rate, as described by [@bb0015]. The fluctuation of amino acid frequencies was estimated using [@bb0035] evolutionary model ([@bb0035]) as represented in [Fig. 2](#f0010){ref-type="fig"}c. Comparing to other amino acids, leucine (9.11%) is a highly enriched amino acid found in this group. As per the earlier investigation by [@bb0065], the diverse effects of the mutations or recombinant events are occurred due to leucine-rich repeat, and it leads to the origin of several human diseases.

These conversions provide keen evidence of variance in chemical composition (ATP/UTP/GTP/CTP) between the species. The hierarchical clustering results show that the two Indian isolates SARS-CoV-2/human/IND/29/2020 and SARS-CoV-2/human/IND/166/2020 are closely related to each other. And it can deviate when SARS-CoV-2/Wuhan-Hu-1 is compared to other ancestral species ([Fig. 3](#f0015){ref-type="fig"}a). A low abundance of amino acid was found in Pangolin CoV GX-P5L and Bat-SARS-CoV ZXC21. It also indicates that several compositional variances are found in amino acid bases between the selected species. It was further proved by principal component analysis. It shows that the two Indian isolates and Bat-CoV RaTG13 were closely related to each other while compared to Wuhan-Hu-1 ([Fig. 3](#f0015){ref-type="fig"}b). Therefore, these variations may refer that the SARS-CoV-2 genome has been expanded in human hosts due to the establishment of a hyper-variable genomic hotspot population ([@bb0080]). As per the previous investigation, [@bb0060] and [@bb0070] stated that these may occur due to altered diverse lineages in the evolutionary rates or either by ancient recombination events.Fig. 3Representation of compositional variations of nucleotide and amino acid base pair (a) and principle component analysis (b) for selected species.Fig. 3

A dot plot comparison was performed for the function coding region between Wuhan-Hu-1 and selected phylogenetic neighbors and ancestors ([Fig. 4](#f0020){ref-type="fig"} ). It shows that 70% of sequences from the SARS-CoV-2 Wuhan-Hu-1 match with selected species (represented in the colored block as aligned regions 1, 2 and 3). Interestingly, a few blocks were identified in Wuhan-Hu-1 isolates in the position 7096--11,500 bp (stand for a white block as mismatch or gapped region). A total of 4404 amino acid bases were uniquely found in the Wuhan-Hu-1. While comparing to our analysis, approximately 30% of Wuhan-Hu-1 doesn\'t match with any isolates and it may offer new ancestry relationships within the subgenus of sarbecovirus ([@bb0070]).Fig. 4A dotplot comparison of functional coding regions (proteomic features) for selected species. X-and Y-axis determines the base pair position of corresponding genomes.Fig. 4

4. Conclusion {#s0020}
=============

We conducted a detailed genomic survey to understand molecular and functional diversity between SARS-CoV-2 and its phylogenomic neighbors. From our analysis, it is inferred that SARS-CoV-2 of Indian origin has highly diverged from the SARS-CoV-2 of Wuhan-Hu-1 which might due to the high mutagenicity rate of COVID. Further high mutagenicity rate was occurred due to the variations of transition/transversion genetic ratio between the selected pairs. It is speculated that this divergence in the evolution of Indian origin SARS-CoV-2 is responsible for the lower death rate scenario in India. Hence, the present genomic and proteomic impending of this virus will provide a lead to the researchers, in turn to understand the mutation rate among Indian strains and helps to unravel the mechanism behind its emergence and also in drug discovery.
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Supplementary data to this article can be found online at <https://doi.org/10.1016/j.genrep.2020.100777>.
